Introduction
The health of military personnel returning from overseas deployments has long been the subject of special attention. Specific concerns about whether anthrax vaccination has any effect on the health of vaccinated individuals provides addiUonal need to assess the health care utilization patterns of returning personnel.
The purpose of the study was to determine whether persons deployed to southwest Asia who were immunized against anthrax were at a different risk for needing ambulatory medical care upon returning home than deployed persons who were not immunized. Using a cohort design that used data already available in large, linked databases, we evaluated the possible confounding effects of age, gender, race, and rank.
Background
Anthrax is an ancient disease affecting livestock with occasional human cases. 1 In the past several decades, it has emerged as a significant biological warfare threat as a result of its high lethality, stability, and relative ease of dispersal. 2 The anthrax vaccine currently in use in the United States was li tigen adsorbed onto aluminum hydroxide. Until 1991, anthrax vaccine was used primarily by persons in animal-related industries at risk for occupational exposure. 34 In January 1991, the U.S. military used anthrax vaccine to counter the possibility that Iraq would use weaponized anthrax against American troops. Approximately 150,000 American troops received at least one anthrax immunization in 1991. 5 Despite the findings of numerous review panels to the contrary, 69 some people still consider the anthrax vaccine to be a possible cause of the array of symptoms commonly referred to as Persian Gulf War illnesses.
In December 1997, the Secretary of Defense announced the Department of Defense plan to immunize all military personnel against anthrax. The program began in March 1998 with an accelerated anthrax immunization program for U.S. personnel deployed in southwest Asia. Since that time, more than 140,000 U.S. Air Force personnel (and more than 508,000 Department of Defense personnel overall) have started the anthrax immunization series. 10 Some people have raised questions regarding the safety of the vaccine, citing cases of unusual adverse events.
The purpose of this study was to use the information in readily available databases to determine whether individuals who received the anthrax vaccine were more likely to seek outpatient care than those who were not immunized.
Materials and Methods
All Air Force medical treatment facility (MTF) visits in the southwest Asia (SWA) theater of operations have been tracked since 1995 using database tracking tools developed by Air Combat Command, such as the Medical Surveillance-Theater and Desert Care 2 programs. A master database of all SWA outpatient encounters is located at Air Combat Command headquarters at Langley Air Force Base, Virginia. We extracted a table from that database containing all medical encounters Involving personnel still on active duty in May 1999 (data set 1). The table included all encounters from January 1998 through March 1999. This table represents the study population, all users of outpatient care during deployment to SWA. This approach was intended to avoid the influence of any "healthy deployer" effect that might bias or confound measures of health status. We used information from the medical encounter database rather than a personnel database because the personnel database has a reputation for being unreliable and we could be confident that personnel had deployed if they had a documented SWA medical encounter.
All Prescribed by ANSI Std Z39-1 used to document outpatient medical encounters at all U.S. Air Force medical treatment facilities. A separate International Classification of Diseases, Ninth Revision (ICD-9), diagnosis code is entered for all appropriate diagnoses at each encounter.
All ADS encounters at U.S. Air Force MTFs around the world between January 1, 1998, and March 10, 1999, for the study population were extracted, including the date of the encounter and the ICD-9 code (data set 2). A third table was extracted from the Defense Eligibility Enrollment Registry System (DEERS), in which the master immunization records are maintained for the Air Force. This table matched individuals within data set 1 by Social Security number and included all anthrax immunizations recorded as of March 10, 1999 (data set 3). Finally, a fourth data set was derived from the Air Force Personnel Center database maintained at Randolph Air Force Base, Texas, to gather demographic information on the study population: date of birth, gender, race, and military rank.
We examined the U.S. Air Force MTF ADS data table (data set 2) and excluded all encounters that did not include an ICD-9 code. We excluded all visits for routine examinations or procedures not associated with an adverse health condition (e.g., routine blood testing, normal Papanicolaou smears, vaccinations). We also excluded all repeat occurrences of the same diagnosis code for each individual. We excluded all encounters that occurred before the SWA medical encounter because these would be irrelevant with regard to anthrax immunization given in the SWA theater. The ICD-9 diagnoses were all matched to a description and then grouped according to standard ICD-9 categories." These categories correspond roughly to the physiological systems involved in the disease process (Table I) .
We used the anthrax immunization table (data set 3) to code all personnel as either vaccinated or not vaccinated depending on whether individuals had received at least one anthrax immunization. This was our exposure variable. In early 1998, all anthrax immunizations were given in the SWA theater, and only those persons who were going to be in the theater for more than 30 days after immunization were immunized; therefore, not all persons deployed to SWA were immunized. We elected to use a 6-month follow-up period after the first recorded anthrax vaccination to attempt to capture any vaccine-related encounters while not substantially limiting the number of personnel in the study. We did not want to include persons who could contribute less than the 6 person-months of follow-up. Therefore, we included those ADS patient encounters that occurred within the 6-month follow-up period after the SWA encounter. Our study population now included 4,045 exposed persons, defined as persons having a recorded SWA MTF visit between January 1 and September 10, 1998, and having at least one anthrax immunization recorded in DEERS. We also had 1,133 unexposed persons, defined as persons having a recorded SWA MTF visit between January 1 and September 10, 1998, with no recorded anthrax immunizations in DEERS.
Contrasting these two groups, we calculated the risk ratios with 95% confidence intervals (95% CI) for the outcome of postdeployment outpatient visits using STATA statistical software (Stata Corp., College Station, Texas). Postdeployment outpatient visits were operationally defined as any post-SWA ADS-recorded diagnoses within 6 months of the SWA encounter. We calculated the mean number of unique diagnosis codes per individual having a postdeployment outpatient visit and compared the means for the vaccinated and unvaccinated cohorts using Student's t test. We then calculated risk ratios with 95% CI for each of the 17 1CD-9 diagnostic group categories using an ever/never dichotomy. Potential confounders were assessed by evaluating differences in the distribution of demographic variables between vaccinated and unvaccinated cohorts. We stratified the overall diagnosis data based on gender, race, rank, and age to check for interaction. We evaluated race based on four categories as listed in the demographic table: Asian, black, other, and white. Race was unknown in 505 cases, which were also analyzed separately. We divided rank into four categories: junior enlisted (El-E5), senior enlisted (E6-E9), junior officer (01-03), and senior officer (04-06). Age was evaluated in 5-year increments. We also examined each of the demographic categories to determine if there were any predictors for any post-SWA ADS-recorded diagnoses based solely on demographic data.
In addition to the broad ICD-9 categories, we also examined the data for specific diagnoses or narrower categories that have been associated anecdotally with anthrax immunization that might have been obscured by the broad groupings. Specifically, we examined diagnoses relating to autoimmune disorders, diabetes, thyroid disorders, arrhythmias, anemia, headache, migraine, infertility, menstrual disorders, dizziness/syncope, hearing loss, tinnitus, allergies, and unexplained illness.
Results
Descriptive epidemiology revealed some significant demographic differences between exposed (anthrax-vaccinated) and unexposed (unvaccinated) groups in this study (Table II) . The proportions of men and women did not vary substantially between the groups. However, persons in the 19-to 23-year-old age group, black or white race, and junior enlisted personnel were significantly more likely to have been vaccinated. In contrast, 39-to 43-year-old personnel, junior and senior officers, and persons with no identified race were significantly less likely to be immunized. Therefore, we conducted stratified analyses to ensure that no confounding occurred based on these demographic factors.
The overall relative risk for any ADS-recorded diagnoses within 6 months after the SWA deployment was 0.96 (95% CI = 0.90-1.02). The total number of unique diagnoses for exposed individuals who had a diagnosis was 4,184, with a mean of 2.01 (SD 1.47), and the total number for unexposed persons was 1,302, with a mean of 2.14 (SD 1.66) (p = 0.06, t test).
We assessed gender, race, rank, and age using stratified analyses to check for confounding. Although female gender, black race, and junior enlisted rank were each found to independently predict the outcome of any post-SWA ADS-recorded diagnoses (with risk ratios of 1.38, 1.14, and 1.17, respectively) (Table III) they were not found to be confounders for the relationship between anthrax immunization and any post-SWA ADS-recorded diagnoses fTable IV). There were no statistically significant associations with the outcome of any postdeployment outpatient visits among any of the subgroups. The relative risk was calculated for each of the ICD-9 diagnostic group categories along with a 95% CI ( Table V) . None of the categories showed a statistically significantly increased risk for persons who had received at least one anthrax immunization.
We then assessed the relative risk for the specific diagnoses noted above. Although we found that some of the diagnoses were relatively more frequent in the vaccinated group, many were more frequent in the unvaccinated group (Table VI) . The only "Females only.
statistically significant association was that hearing loss was found more frequently in the unvaccinated group.
Discussion
This study had several significant limitations. We were limited to using data already available in several large, linked databases. We had no influence over the accuracy of the data entered into these databases and made no attempt to verify it. Any systematic inaccuracies in these data sets will likely be nondifferential based on the exposure variable of vaccinated/unvaccinated unless data validity varied during the same time interval in which the vaccination policy was introduced. Misclassification of vaccination status was believed to be minimal because automated vaccination records were being used and accuracy was routinely checked because of the high visibility of the program.
Because personnel with recent SWA encounters were more likely to be immunized against anthrax as a result of the chronology of the program, we had to ensure that there was equal opportunity for those individuals to be seen in an Air Force MTF. Therefore, we had to limit the period for post-SWA ADS-recorded diagnoses to 6 months, thus decreasing the total number of diagnoses. Nonetheless, this provides a useful assessment of adverse events manifesting within this interval.
If vaccination led to medical problems and departure from the service within 6 months of vaccination, such people would not be included in this analysis. This situation is unlikely, however, 210 Ambulatory Medical Visits and Anthrax Vaccination because generally the process for a medical discharge through the medical evaluation board takes longer than 6 months.
Our results demonstrate several things: (1) SWA-deployed personnel vaccinated against anthrax were no more likely to have a recorded ADS diagnosis during 6 months of observation than those who were not vaccinated; (2) vaccinated persons who did have a postdeployment outpatient visit were no more likely to have more total diagnoses than unvaccinated persons with at least one diagnosis; and (3) anthrax vaccination status was not associated with an increased rate of ambulatory visits for any of the 17 ICD-9 diagnostic categories or for any of the 16 specific diagnoses evaluated.
Age was not a predictor for any postdeployment outpatient visits. We had expected the risk for an outpatient diagnosis to increase with increasing age, but that was not found in this population of personnel returning from SWA. As in other studies showing that women seek health care more often than men, 12 women in this population were more likely to have at least one post-SWA ADS-recorded diagnosis than men. The findings that junior enlisted personnel and African-American personnel are more likely to have an ADS diagnosis is interesting but would have to be explored more closely using a different study design.
This study was undertaken to provide a prompt answer using existing large, linked databases to the question, does anthrax immunization cause adverse reactions that are treated on an outpatient basis over a 6-month interval? We have shown that personnel immunized against anthrax do not have a greater risk of being diagnosed with a disorder at an Air Force MTF than similar unvaccinated personnel. This is true at the aggregate level for each of 17 specific categories of disease and for specific disease entities such as autoimmune disorders and unexplained illness diagnoses that have been the focus of concern among the public.
We found no indication of an increased propensity for personnel immunized against anthrax to seek medical care after immunization beyond what is expected in their unvaccinated peers. In fact, we found that persons who have been immunized have virtually the same medical problems as those that have not been immunized. Numerous studies are currently under way that use much larger populations and follow personnel for longer periods of time (J.G., unpublished data).
